INTRODUCTION {#sec1-1}
============

Periodontitis is a chronic infectious disease of multifactorial nature characterized by the irreversible destruction of collagen fibers and other matrix constituents of the gingiva, periodontal ligament and alveolar bone around teeth in conjunction with the formation of periodontal pockets due to apical migration of the junctional epithelium.\[[@ref1]\] Multiple factors viz. microbial, host-related, environmental, host response, and genetic determine the risk of developing periodontal disease. Host-related factors are age and health status, and environmental factors are oral hygiene, exposure to oral pathogens and tobacco use. The host response and genetic factors are tissue repair mechanisms and the leucocytes of the immune system. These factors are inter-related, and the risk for developing periodontal disease is governed by their convergence.

Chemoattractant cytokines regulate the immune response by recruiting neutrophils and macrophages, and their expression is controlled by microbial and host factors. Interleukin-1 (IL-1) is a key regulator of tissue destruction and mediator of the local immune response.\[[@ref2]\] Its varied biologic functions include prostaglandin E2 (PGE~2~) and collagenase synthesis by fibroblasts, increased production of IL-2 from T-lymphocytes and interferon, stimulation of bone resorption, and the induction and secretion of proteinases. All IL-1β dependent mechanisms contribute to inflammation and destruction of bone and attachment loss, which are characteristic features of periodontal disease.\[[@ref3]\]

The presence of cytokines may be detected earlier than the appearance of acute symptoms of periodontal disease,\[[@ref4]\] therefore, the measurement of IL-1β in adjacent tissues of periodontitis affected sites has been suggested as a sensitive and important aid in monitoring the clinical severity of the disease. Detection of the mRNA levels of the cytokine in diseased sites is an effective technique to study variations in cytokine levels.\[[@ref5]\]

Smoking is a major risk factor in the development and progression of periodontal diseases,\[[@ref6]\] and its effect on the extent and prevalence of periodontal destruction is dose-dependent. Measures of association of smoking status and periodontal destruction have been rather strong and consistent across studies and population.\[[@ref7]\] Tobacco use is among the most important preventable risk factor in the incidence and progression of periodontal disease.\[[@ref8]\] It impairs various components of the host response and immune system like inhibition of neutrophil chemotaxis and phagocytosis, inhibition of cellular immunity, and suppression of local antibody production.

Nicotine, the major constituent of tobacco smoke and its metabolites mask the early signs of periodontal disease by suppressing the inflammatory response. Soon after its intake in the body, much of the nicotine gets converted into cotinine, which is the major proximate metabolite of nicotine. The effects of nicotine thus, observed in the body are due to cotinine which affects several biological activities in the body.

In the periodontium, there is induced vasoconstriction. This contributes to impaired gingival blood flow and decreased the amount of oxygen and blood constituents that reach the gingiva. The reduced capacity to remove tissue waste products leads to tissue damage and a compromised immune response. Nicotine and cotinine get incorporated into the root surfaces and into fibroblasts which may inhibit reattachment of fibroblasts to the root surface.\[[@ref9]\]

The present investigation was performed to study the effect of nicotine and its proximate metabolite cotinine. Thus, it was studied whether these have an influence on the periodontal status (plaque index \[PI\], gingival index \[GI\], probing pocket depth \[PPD\], and clinical attachment level \[CAL\]) and the mRNA expression of IL-1β in smokers suffering from chronic periodontitis.

MATERIALS AND METHODS {#sec1-2}
=====================

The study conformed to the ethical guidelines of the Helsinki Declaration and was evaluated and approved by the Institutional Ethical Committee. A written informed consent was obtained from all subjects participating in the study.

Patient selection {#sec2-1}
-----------------

A total of 29 male individuals (12 smokers and 12 nonsmokers suffering from chronic periodontitis and 5 periodontally healthy nonsmokers) aged between 37 and 50 years were enrolled and a brief medical and dental history and information about the smoking status was obtained. The selection criteria were based on the following criteria.

Inclusion criteria {#sec2-2}
------------------

Male patients within the age group of 35--50 yearsPatients who had smoked an average of \>10 cigarettes/day for \>2 years\[[@ref10][@ref11]\]Patients having chronic periodontitis defined as having minimum of 20 remaining teeth, with periodontal disease as evidenced by at least 4 tooth sites with PPD \>4 mm, CAL \>2 mm;\[[@ref12]\] and radiographic evidence of bone loss \>2 mm from the cementoenamel junction\[[@ref13]\]Patients who were cooperative and committed to maintain oral hygienePatients with no contraindication to periodontal therapy.

Exclusion criteria {#sec2-3}
------------------

Beedi, cigar, pipe smokers, and paan masala chewers and passive smokersPatients suffering from chronic systemic illness like diabetes, hypertension, active infection etc.; and taking medication for the same\[[@ref14]\]Patients taking agents or medication that may alter or hamper the salivary flowPatients suffering from aggressive periodontitis, periodontal abscess, necrotizing ulcerative gingivitis or periodontitis\[[@ref10]\]Patients who have undergone any periodontal treatment or antibiotics within the preceding 6 months\[[@ref14]\]Known allergy or hypersensitivity to local anesthetic agents.

The study protocol was explained, and patients were grouped the following:

Group A: Periodontally healthy individuals undergoing therapeutic extraction for orthodontic treatment or extraction of impacted molars\[[@ref15]\]Group B: Nonsmokers suffering from chronic generalized periodontitisGroup C: Smokers suffering from chronic generalized periodontitis.

Study design {#sec2-4}
------------

Periodontal parameter recording - PPD, CAL, GI\[[@ref16]\] and PI\[[@ref17]\] and scaling and root planning was performed at baseline and 1-month posttreatment. There was no restriction on the time spent on each tooth and the total time devoted to achieve total plaque control. At the 1-month recall visit, periodontal parameters were re-recorded, followed by flap procedures to obtain tissue samples. These tissue specimens were then subjected to mRNA analysis.

Smoking status {#sec2-5}
--------------

Twelve current smokers\[[@ref18]\] suffering from chronic periodontitis were questioned about number of cigarettes smoked per day and number of years smoked. The pack-years were calculated accordingly.\[[@ref8]\]

### Estimation of cotinine in the salivary sample {#sec3-1}

The major proximate metabolite of nicotine is cotinine, and its levels were evaluated in saliva using Accutest^®^ NicAlert™ test strip to assess nicotine exposure. Unstimulated saliva was collected at the 1-month posttreatment visit. All samples were collected between 9 am and 11 am, as diurnal variation in saliva viscosity has been observed. Eight drops of saliva were squeezed on the padded end, allowing each drop to soak into it before applying the next drop. The readings in the strip were recorded after 20 min.

For the purposes of assigning a semi-quantitative measure of tobacco exposure, the Accutest^®^ NicAlert™ levels are expressed in terms of cotinine.

Each test strip is divided into six reactive chromo-graphic (color-change) levels of detection. The results are semi-quantitative and are based on the detection matrix provided by the manufacturer.

Gingival biopsies {#sec2-6}
-----------------

Twenty-nine tissue specimens (12 from smokers, 12 from nonsmokers) and 5 from healthy individuals were harvested. From the periodontitis patients, biopsies were taken from sites with radiologic evidence of alveolar bone loss during Modified Widman flap surgery. For the healthy individuals, specimens were collected from tooth extraction sites.

All biopsies weighed about 15--30 mg and were washed with cold saline and immediately kept in vials containing TRIZOL solution and stored at −4°C until analyzed.

Interleukin-1β expression analysis {#sec2-7}
----------------------------------

The frozen tubes containing the tissue samples were thawed, and the total RNA was isolated by following TRIZOL reagent technique. RNA concentration was quantified using spectrophotometer (PicoDrop^®^) and 250 ng of RNA sample was first reverse transcribed to cDNA with reverse transcriptase (Fermentas RevertAid™ H minus First Strand cDNA Synthesis kit \#K1632) in a thermal cycler (Peltier Thermal cycler PTC-200). The reverse transcription reaction product was stored at −80°C for further investigation.

Real-time polymerase chain reaction {#sec2-8}
-----------------------------------

SYBR green-based quantitative-polymerase chain reaction (q-PCR) was done to check the expression of IL-1β with reference to β-actin (Forward primer CGACAGCAGTTGGTTGGAGC; Reverse primer GGTCTCAAGTCAGTGTACAG) gene as an internal control. Real-time PCR was performed using Takara reaction mix (Stratagene M × 3000^®^) in optically active tubes as per manufacturer\'s instructions.

1 μl each of forward (5'-AAACAGATGAAGTGCTCCTTCCAGG-3') and reverse (5'-TGGAGAACACCACTTGTTGCTCCA-3') primers of IL-1β (ACTIVE™-Oligos ILS) with 10 μl of SYBR, exTaq and 1 μl of cDNA was used as the reaction mix. The amplified q-PCR product was also confirmed by 2% agarose gel.

Statistical analysis {#sec2-9}
--------------------

Three independent groups were compared by one-way analysis of variance (ANOVA), and the significance of the mean difference between the groups was done by Newman--Keuls *post hoc* test. Similarly, pre- and post-treatment levels of two independent Groups B and C were compared by repeated measures ANOVA using general linear models and the significance of mean difference within and between the groups was done by Newman--Keuls test. A two-tailed (α =2) *P* \< 0.05 was considered to be statistically significant. The power of all statistical tests was 80.0%. All analyses were performed on SPSS (version 150.0, IBM SPSS Statistics) while graphs were made on GraphPad Prism (version 3.0).

The present study compares the periodonat status (PI, GI, PPD, and CAL) and mRNA expression of IL-1β in periodontally healthy nonsmokers, nonsmokers with chronic periodontits and smokers with chronic periodontits. A prior sample size based on an effect size of 2 (mean difference) and 1.1 pooled standard deviation (SD) in any of the variable among the groups with 5.0% margin of error (α = 0.05), 80.0% power (1− β =0.80) and 1:1:1 ratio, minimum 5 samples is required for one group or total 15 samples for three groups was calculated using online standard statistical software (MedCalc, version 9.4.2.0 MedCalc, Mariakerke, Belgium).

RESULTS {#sec1-3}
=======

Twenty-nine subjects were included in the study with the mean age of 43.25 ± 4.16 years. In smokers, the number of cigarettes per day, number of years smoked and pack-years ranged from 8 to 20, 10--20 years, 4--20 years, respectively, with mean ± SD 14.92 ± 4.36, 14.58 ± 4.19 years and 11.13 ± 5.02 years, respectively, while it were NIL in control and nonsmokers.

Clinical parameters {#sec2-10}
-------------------

The mean PI in control, nonsmokers and smokers was 0.33 ± 0.08, 2.46 ± 0.21 and 2.51 ± 0.26, respectively, and it became 1.01 ± 0.33 and 1.61 ± 0.16 in group nonsmokers and smokers after 1-month (*P* = 0.0001).

Gingival index at baseline in control, nonsmokers and smokers was 0.46 ± 0.27, 2.46 ± 0.23 and 1.34 ± 0.36, respectively, *P* \< 0.001 when control was compared to nonsmokers and smokers and *P* \< 0.001 on intergroup comparison of nonsmokers and smokers. One month posttreatment the GI was 0.61 ± 0.18 and 0.64 ± 0.21 in nonsmoker group and smokers with chronic periodontitis, respectively. The percentage improvement in nonsmokers was 75.1% (*P* = 0.0002), and smokers were 52.6% (*P* = 0.0001) as smoking significantly decreases the vascularity of the gingiva. The baseline scores in smokers were significantly low as compared with the other groups and scores decreased after scaling but since smoking cessation did not occur the vascularity of the gingiva was still compromised and improvement was not as much as in the other groups.

Probing pocket depth in control group, nonsmokers and smokers was 2.39 ± 0.39, 5.79 ± 0.58 and 5.97 ± 0.55, respectively. Following periodontal therapy there was a 12.2% improvement in nonsmokers, as the mean PPD became 5.09 ± 0.60 (*P* = 0.0001) and for smokers it was 7.5% as the value came to 5.52 ± 0.53 (*P* = 0.0001). Improvements of 27.6% and 22.9% were seen in nonsmokers and smokers after treatment (*P* = 0.0002), as the CAL values became 2.50 ± 0.61 and 3.12 ± 0.58, respectively, though intergroup comparison posttreatment showed no statistical significance (*P* = 0.0223) \[[Table 1](#T1){ref-type="table"}\].

###### 

Pre- and post-treatment periodontal parameters and percentage improvement following periodontal treatment of each of the three groups (mean±SD)

![](JISP-19-381-g001)

Estimation of cotinine in saliva {#sec2-11}
--------------------------------

The scores of cotinine level in saliva of Group A, Group B, and Group C ranged from 0 to 1, 0--1 and 3--6, respectively, with mean ± SD 0.20 ± 0.45, 0.33 ± 0.49, and 5.25 ± 0.97, respectively. Comparing the scores of cotinine in saliva among the three groups, the mean scores of cotinine in healthy controls and nonsmokers with chronic periodontitis did not differ significantly, that is, found to be statistically the same (0.20 ± 0.45 vs. 0.33 ± 0.49; *P* = 0.7136), while the mean score in smokers was found to be significantly different and higher than both Group A (0.20 ± 0.45 vs. 5.25 ± 0.97, *P* = 0.0001) and Group B (0.33 ± 0.49 vs. 5.25 ± 0.97; *P* = 0.0001) \[[Table 2](#T2){ref-type="table"}\].

###### 

Scores of cotinine level in saliva summary of three groups
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Expression analysis {#sec2-12}
-------------------

The cycle threshold (ΔCt) levels were highest in control, followed by nonsmokers and smokers which indicates that that greatest number of PCR cycles were required to replicate in case of Group A and least in Group C. Therefore, relative quantity or the fold change in the expression of IL-1β showed that chronic periodontitis causes a two-fold increase and smoking associated with chronic periodontitis causes an eight-fold increase in the expression \[[Figure 1](#F1){ref-type="fig"}\].

![Fold change of interleukin-1β in comparison to healthy (controls) group](JISP-19-381-g003){#F1}

The correlation between smoking, mRNA expression, and periodontal parameters of all studied subjects \[[Table 3](#T3){ref-type="table"}\] showed that there was a positive and significant (*P* \< 0.01) correlation among smoking related parameters (number of cigarettes/day vs. number of years smoked: *r* = 0.92, *P* \< 0.01; number of cigarettes/day vs. pack years: *r* = 0.95, *P* \< 0.01; number of years smoked vs. pack years: *r* = 0.95, *P* \< 0.01). All smoking related parameters viz. number of cigarettes per day (*r* = 0.97, *P* \< 0.01), number of years smoked (*r* = 0.95, *P* \< 0.01), pack years (*r* = 0.93, *P* \< 0.01) showed positive and significantly high correlation; while they showed negative and significant (*P* \< 0.01) correlation with mRNA expression, signifying that the mRNA level is increased in smokers with periodontitis.

###### 

Correlation between smoking, cotinine, mRNA expression, and baseline periodontal parameters of all studied subjects (*n*=29)

![](JISP-19-381-g004)

All smoking-related parameters did not show significant (*P* \< 0.05) correlation with periodontal parameters such as PI and GI; while they showed positive and significant (*P* \< 0.05 or *P* \< 0.01) correlation with PPD (*P* \< 0.05) and CAL (*P* \< 0.01) \[[Figure 2](#F2){ref-type="fig"}\].

![Correlation of gingival index, probing pocket depth, and clinical attachment level with pack years in all studied subjects (*n* = 29) and correlation of cotinine, mRNA expression and plaque index with pack years in all studied subjects (*n* = 29)](JISP-19-381-g005){#F2}

DISCUSSION {#sec1-4}
==========

Interleukin-1 has proven to be the key regulator of tissue homeostasis, inflammation, immunity, and tissue breakdown. It stimulates gingival fibroblasts to produce collagenase and PGE~2~, which is a vasodilator and a mediator of bone destruction. Along-with tumor necrosis factor-α acts on endothelial cells to increase the attachment of neutrophils and monocytes and thereby aids in the recruitment of these cells into the sites of inflammation.\[[@ref19]\]

Twenty-nine male patients were enrolled for the present study to assess the effect of nicotine and metabolites on periodontal disease status and the mRNA expression of IL-1β. All the individuals fell in the age range of 37--50 years and the groups were age-matched; as epidemiological studies have shown that smokers aged \< 30 years are comparable to nonsmokers.\[[@ref20]\] Individuals \> 50 years have usually a considerable reduction in smoking due to development of medical problems aggravated by smoking and aging.\[[@ref10]\] The mean age in the periodontally healthy group was 43.40 ± 4.67, nonsmokers with chronic periodontits group was 43.25 ± 4.16 and smokers suffering from chronic periodontitis C was 43.58 ± 4.36.

Only male patients were enrolled because the factor of sex affects the severity of periodontal disease, showing that male smoker patients have 17% higher recession, 6% greater probing depth, and 8% more clinical attachment loss than females.\[[@ref21][@ref22][@ref23]\]

Smokers smoking \>10 cigarettes/day for \>2 years were included as nicotine and metabolites have their effect on periodontal tissues over a certain threshold. As the consumption increases so does the severity of periodontal disease, although the effect seems to clinically evident from \>10 cigarettes/day.\[[@ref10]\]

All periodontal parameters were found to be higher in Group B and C, compared to Group A. There was not much difference between nonsmokers and smokers suffering from chronic periodontitis at baseline, except the GI.

Higher plaque accumulation in Group B and C could be attributed to poor oral hygiene, pain and bleeding while brushing and improper brushing technique. Several studies have reported difference in the prevalence, bacterial counts of microflora in pockets of smokers and nonsmokers.\[[@ref24][@ref25][@ref26][@ref27]\]

0.7 times more improvement was observed in nonsmokers (75.1%) than smokers as smoking creates an environment that favors the colonization of anaerobic pathogens and smokers were also associated with poorer oral hygiene and suppressed hemorrhagic response.\[[@ref28]\]

The gingival inflammatory response is dampened in smokers as compared to nonsmokers, evidenced by fibrotic appearance of the tissue fewer sites that bleed upon probing. The hemorrhagic responsiveness in patients with different levels of periodontal disease was found to be suppressed in smokers while in nonsmokers, an exponential hemorrhagic response to increasing plaque levels was suggested. When looking at the gingival vessel density smokers have a higher proportion of small blood vessels and a lower proportion of large blood vessels compared to nonsmokers. Thus, this difference in blood vessels may be associated with a suppression of the inflammatory response.\[[@ref29]\]

One month posttreatment the percentage improvement in GI in nonsmokers was 75.1% (*P* = 0.0002) and smokers was 52.6% (*P* = 0.0001). Although improvement occurred in both the groups, patients in Group B improved 0.7 times more than C. Lesser improvement in Group C could be attributed also to the sustained vasoconstriction induced by nicotine, as none of the individuals quit smoking.\[[@ref30]\] The gingival biopsies were obtained from the worst affected sites after 1-month posttreatment.

Nicotine is the principal alkaloid in tobacco and is responsible for causing dependence due to its psychoactive properties and capacity to induce self-administration behavior.\[[@ref28]\] It is estimated that 5 mg of nicotine per day is a threshold level that can readily establish and sustain addiction.\[[@ref31]\] Nicotine is a weak base (pKa 8.0), present mainly in the nonionized form in alkaline pH, and hence more quickly absorbed from saliva into the mucosa at increased pH levels.\[[@ref32]\] Approximately 1--2 mg of the nicotine that is present in a cigarette is absorbed by the buccal mucosa and respiratory mucosa of smokers. Once circulating in the bloodstream, nicotine acts as a central and peripheral nervous system stimulant. Long-term tobacco use has been associated with increased incidence of carcinoma, atherosclerotic arterial disease, chronic obstructive pulmonary disease, hypertension, low birth weight of infants born to mothers who smoke and periodontal disease.\[[@ref33]\]

When nicotine enters the blood stream, it is circulated to various body organs, including the liver and kidneys. The liver converts nicotine into several metabolites and a small percentage is excreted unchanged in the urine.

Cotinine is the major proximate metabolite and is used as a biomarker for estimating the exposure to nicotine. Determining the concentration of nicotine and cotinine in biological fluids is widely practiced in epidemiological and clinical smoking studies.\[[@ref28]\]

Cotinine concentrations have been used more accurately in assessing population exposures to environmental tobacco smoke (ETS) and developing risk estimates.\[[@ref31][@ref34][@ref35]\]

The Accutest^®^ NicAlert™ test strip was used and the results were based on the detection matrix provided by the manufacturer. Unstimulated salivary samples were collected for all groups. The scores of cotinine level in saliva of Group A, Group B and Group C ranged from 0 to 1, 0--1 and 3--6, respectively, with mean ± SD 0.20 ± 0.45, 0.33 ± 0.49, and 5.25 ± 0.97, respectively. Scores for Group A and B were statistically the same (*P* = 0.7136) as the patients were nonsmokers. Minor detection levels could be attributed to the ETS exposure. Scores for Group C were significantly higher (*P* = 0.0001) as all the patients were chronic smokers, smoking 8--20 cigarettes/day for the past 10--20 years.

2000+ nicotine levels were found in smoker\'s saliva who smoked about 15--20 cigarettes/day. As the oral cavity is exposed to more and more nicotine, more cotinine would be produced owing to the detection levels so significant. None of the individuals quit smoking during the course of the study; in spite of the health implications explained them in detail at the commencement of the study.

The mean ΔCt value was found to be the highest in periodontally healthy, followed by nonsmokers and smokers, indicating that greater number of cycles were required to produce detectable levels of IL-1β for Group A and least for Group C. In other words, the mRNA expression was up-regulated in both Group B and Group C as compared to Group A and more evident in Group C than in Group B.

Relative quantity or the fold change in the expression of IL-1β showed that chronic periodontitis causes a two-fold increase and a risk factor; smoking associated with chronic periodontitis causes an eight-fold increase in the expression. Increased mRNA expression in periodontitis affected sites is due to the hyperresponsiveness of the gingival cells to lipopolysaccharides present in the subgingival plaque. Studies have shown that mononuclear cells, fibroblasts, and epithelial cells isolated from periodontitis patients tend to be primed to respond to bacterial lipopolysaccharide and show *in vitro* production of higher levels of IL-1β.\[[@ref32]\]

When smoking, a confounding factor is present along with chronic periodontitis the expression increases eight-fold. It can be postulated that vasoconstrictive properties of nicotine impair the gingival blood flow, creating an anaerobic environment which is highly conducive for the growth of periodontopathogens. With the rapid increase in the number and quality of anaerobes, greater stimulation of the gingival monocytes and macrophages leads to an increased expression of IL-1β.\[[@ref36]\] Furthermore, cigarette smoke stimulates the neutrophil oxidative burst with the release of potentially tissue destructive oxygen species such as superoxide, hydrogen peroxide and hydroxyl radical. These products of the oxidative burst not only have direct cytotoxic effects on cells of the periodontium, but also alter the release of cytokines from the inflammatory cells particularly monocytes and macrophages.\[[@ref33]\]

The oral keratinocytes are vastly exposed to tobacco smoke and its components and respond to this exposure by producing pro-inflammatory cytokines such as PGE~2~ and IL-1. Elevated IL-1 production by oral keratinocytes plays a key role in the tissue injury.\[[@ref29]\] Owing to these mechanisms, there is marked upregulation in the gene expression of Il-1β and greater tissue destruction in smokers suffering from chronic periodontitis.

The limitations of the study include small sample size, inability to perform subsequent sampling and their expression studies at different intervals. Furthermore, the topic of smoking cessation and former smokers was not addressed. Further studies with large sample sizes are needed for the generalization of the results.

CONCLUSION {#sec1-5}
==========

The results of this study have demonstrated an upregulation of 2 times in the IL-1β gene expression in chronic periodontitis and 8 times more pronounced in smokers suffering from chronic periodontitis in a dose-dependent manner.
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